Automatic lane change is a complex and essential part of autonomous vehicle control. Existing researches on autonomous vehicle technology mainly focused on avoiding obstacles, but few studies have focused on the issue of dynamic lane change. Moreover, existing dynamic lane-changing models were based on some certain assumptions. Considering that the actual road is not a complete straight line and the function of the road cannot be accurately established, this paper establishes a cubic polynomial path planning model based on discrete global trajectory points. Then, in order to ensure the trajectory's safety, comfort and efficiency, an all-sided trajectory optimization function is proposed. At last, simulation verifications are carried out. Results show that the proposed method can generate a splendid lanechanging trajectory.
Introduction
Autonomous driving can be divided into perception, planning, and control [1] [2] [3] . Trajectory planning is one of the most important and complex tasks in autonomous driving [4] , and it can be divided into two stages: global planning and local planning [5] . Global planning can determine the trajectory of the whole driving plan through digital map and local operating system. Local trajectory planning can be defined as real-time planning for the transition of vehicles from one feasible state to the next state. Meanwhile, it is constrained by kinematics limit, comfort, lane boundary, traffic rules and obstacles [6] . Obviously, lane-changing trajectory planning belongs to the local trajectory planning. The existing mainstream trajectory planning methods can be summarized into three types: artificial potential fields, cell decomposition and optimal control, and they will be reviewed in detail as follows.
Lane-changing is a complex driving behavior which involves several dynamic vehicles and has great impact on driving safety. Therefore, it is necessary to study the dynamic lane-changing trajectory planning. Though trajectory planning has been widely studied, most researches mainly focused on avoiding obstacles and ignored the dynamic surroundings. Only a few researchers have studied dynamic lane-changing trajectory planning at present [7, 8] . Y. Luo et.al [7] proposed an optimized lane-changing trajectory model, which considered dynamic and road constraints. D. Yang et.al [8] repaired the flaws in Luo's model and presented a rollover avoidance algorithm and a collision-avoidance algorithm.
However, some problems of lane-changing trajectory planning model still need to be addressed:1) Previous models only applied to straight roads or required the knowledge of the radius of curvature of the road, which can't be used in real condition 2)The initial or final state of lane change was assumed strictly, which was also not consistent with the reality. 3) The surrounding vehicles need to be considered completely to make sure the lane-changing safety.
Therefore, this paper designs a pragmatic dynamic lane-changing trajectory planning model for autonomous vehicles. The main contributions of this paper: 1) establish a cubic polynomial path generating and a speed planning model based on discrete global trajectory points, it is guaranteed to be applied on the actual road; 2) propose a trajectory optimization model based on considering the complex traffic environment, safety, comfort and efficiency. This paper is organized as follows. First, considering that the actual road is not complete straight line and the function of the road cannot be accurately established, a cubic polynomial path generating model based on discrete global trajectory points is established. Then, in order to ensure the safety, comfort and efficiency of the lanechanging trajectory, a comprehensive trajectory optimization function is proposed. At last, simulations are carried out. Results show that the proposed method can generate a splendid lane-changing trajectory. 
Lane-changing Trajectory Generation

Path Generation Method
The proposed path planning method is used to generate a safe and comfortable trajectory from the original lane to the target lane complying with a global route. The global route is high-precision discrete points of road center line collected by Global Position System (GPS). It is a multi-dimensional array which contains information such as longitude, latitude and heading. By numerical conversion, the longitude and latitude are generated into a high-precision map with precision up to centimeters.
Generally, the obtained high-precision trajectory is a random curve. we can map the vehicle position from the Cartesian coordinate system to the − s ρ coordinate as shown in figure 3 . The lane-changing path planning problem is transformed into solving the lateral offset ρ of each trajectory point in − s ρ coordinate. , , , a b c d are parameters of the cubic polynomial.
Speed Planning Method
Although some researches have studied dynamic lane change trajectory planning, previous works assumed that the speed in the lane change process maintains a constant velocity or the speed at the end of the lane-changing process is known and unchanged. In the real dynamic traffic environment, lane changing vehicles often adjust their speed in real time to keep the lane changing process safe and comfortable. Therefore, it is necessary to establish the speed planning model for lane change. To ensure that the acceleration is continuous to make the lane changing process smoothly, we still use the cubic polynomial model. The relationship between vehicle speed and path length in the lane-changing process and can be expressed as 32 = + e f g h   +  + v s s s (3) v is the planned velocity of autonomous vehicle which is a one-dimensional array and has the same number of elements as s . , , , e f g h are parameters of the cubic polynomial.
Trajectory optimization module
The quality of the planned trajectory is important and directly affects the performance of automatic lane change. In this paper, three models of efficiency, comfort and safety are designed to optimize the lanechanging trajectory in real time.
Efficiency
Because the lane changing process takes up two lanes, lane change taking a long time may not only affect the traffic efficiency, but also increase the risk of self-driving vehicles. Therefore, it is necessary to optimize the cost time of the lane changing process. The efficiency cost function model can be established as = ( ) e J sum t (4) () sum t is the sum of the elements in t .
Comfort
To ensure the comfort in the lane-changing process, we take the yaw rate and lateral acceleration as constraints and design the cost function based on the yaw rate. The comfort cost function model can be established as 
Safety
In the previous dynamic lane-changing researches, vehicle driving safety was only taken as a constraint condition rather than an optimization objective. However, an autonomous vehicle should aim to strengthen the security. Therefore, the cost function of safety is designed in this paper 
Results
In order to evaluate the validity of the model, the traffic simulation is carried out in this paper. 
Conclusions
This paper focuses on the problem of lane change trajectory planning in the dynamic traffic environment of autonomous vehicles. Firstly, the trajectory generation model is established through discrete global trajectory information. Then, the cost function is designed to optimize the generated trajectory in real time. Finally, simulations are carried out to verify the validity of the model.
It's important to emphasize that we assume the autonomous vehicle can fully track the planned trajectory, and a good trajectory tracking controller needs to be further studied. Besides, the V2V-based real-car verification of the proposed method needs to be carried out in the future.
